Pioneering work by Russell et al. [29] [30] [31] resulted in the first three-dimensional (3-D) reconstruction of rat stage V Sertoli cells and their associations with germ cells. In 1995, the Capel laboratory reported a 3-D structure of the developing mouse genital ridge based on laminin antibody-staining and image-reconstruction techniques [32] . Subsequently, the Koopman laboratory used whole-mount in situ hybridization and fluorescence 3-D imaging methods to visualize testis cord morphogenesis [33] . Recently, the Capel laboratory reported an innovative and more dynamic four-dimensional analysis of vascularization during early gonad morphogenesis [34] . This group used fluorescent reporter mouse strains in which the vascular cell lineages were specifically labeled and their fate established by live imaging using a time-lapse system [34] . Recently, Yoshida et al. [6, 35] also exploited similar imagereconstruction methods and mapped the behavior of male germline stem cells in the adult mouse testis. Earlier, NelThemaat et al. [36, 37] established a Sox9-EGFP knock-in mouse line and performed an extensive analysis of developing testis cords including 3-D reconstruction and detailed morphometric studies.
In Vivo Imaging of Sertoli Cell Behaviors in the Mouse Testis
Engineering unique transgenic mouse strains. Having already characterized Sox9-EGFP knock-in mice, Nel-Themaat et al. [28] have now taken a step beyond. They have developed essentially three independent genetic strains of mice (Fig. 1) . Two strains, namely Sox9-EGFP and Pou5f1-HS-CR, were previously established (Fig. 1) [38] . The third transgenic strain was newly developed using 4.7 kb of the rat Gata4 promoter that is Sertoli cell-specific within the testis [24] . A total of six lines were derived using this transgene construct. One of these six lines, designated Gata4-RG-1, was found to be suitable for the studies. In these mice, the Gata4 promoter drives the expression of a dual fluorescent reporter cassette (H2B-mCherry-2A-SS-EGFP-GPI) in Sertoli cells, such that the nuclei are labeled red and the plasma membranes green (Fig.  1) . Thus, these three unique transgenic lines and further intercrosses among them provided the necessary basic tools for the present imaging studies of Nel-Themaat et al. [28] .
Imaging studies with postnatal mouse testis. To visualize Sertoli cells in live seminiferous tubules of mice at puberty, Gata4-RG-1 mice were crossed with the Sox-9-EGFP knock-in line of mice. As predicted, Sertoli cells were triple color-coded with red nuclei, green plasma membranes (because of Gata4-RG-1), and green cytoplasm (because of Sox9-EGFP) in tubules of the resultant mice. Further labeling with Draq5, a vital fluorescent nuclear stain, permitted the simultaneous visualization of the associations between Sertoli and germ cells beginning from the basement membrane and continuing all the way toward the lumen. These cell-cell phenotypes, illustrating the nuclear and cytoplasmic distribution, were captured beautifully in a series of confocal static images and time-lapse movies.
Imaging sertoli cell behavior in embryonic testis and during cord formation. Having made fundamental observa- tions at the postnatal time point, Nel-Themaat et al. [28] took a journey that continued back in time; the rest of the studies focused on Sertoli cell behavior in embryonic testis and cord formation. Gata4-RG transgene expression was detected only in XY, not in XX, fetal gonads approximately at tail somite stage 22 and was mostly restricted to Sertoli cells. Morphologically, the brightly fluorescing green plasma membranes defined variable shapes of Sertoli cells, whereas unlabeled germ cells appeared round and smooth.
Next, in a series of superb quality movies, Nel-Themaat et al. [28] provide their observations on Sertoli cell polarity and, presumably, the mesenchymal to epithelial behaviors of these cells during cord formation. Gata4-RG-1-positive Sertoli cells initially appeared ''fibroblast-like'' and unpolarized, and they moved randomly within the Sertoli germ cell mass. By E13.0, Sertoli cells became polarized, with their nuclei positioned adjacent to the basement membrane and germ cells oriented centrally in individual cords.
In a final set of studies, Pou5f1-HS-CR mice [38] were bred to the Gata4-EGFP line of mice. These double-transgenic mice provided a unique combination of two different cell populations (i.e., Sertoli and germ cells), each dually labeled and distinguished by fluorescent protein color code. In these mice, Sertoli cell nuclei fluoresced red and their plasma membranes green, and the germ cell nuclei fluoresced blue and their plasma membranes red. Two colorful movies and the corresponding ''frozen'' shots vividly depict the intimate physical association between Sertoli and germ cells. Intriguingly, existence of heterogeneous cell-cell associations was observed in these studies. Whereas some germ cells were completely enveloped by plasma membranes fluorescing green and, thus, representing Sertoli cells, in other areas of the cord entire clusters of linearly aligned germ cells were enveloped by ''green'' plasma membranes.
Final Remarks and Future Directions
Nel-Themaat et al. [28] took advantage of distinct spectral properties of GFP and its variants and expressed them in testes of transgenic mice in a cell-and organelle-specific manner [39, 40] . By doing so, these authors have provided us with a visual feast of how Sertoli and germ cells behave in vivo in embryonic testis and during cord formation by time-lapse imaging. These are considered to be groundbreaking studies in early gonad development, and they have opened up numerous avenues for future research. First, it should be possible to observe in detail the changes in Sertoli cell nuclear shape and mitotic figures and correlate them to defined gene expression signatures and gene circuit dynamics in isolated, single Sertoli cells. Second, dual fluorescent reporter-tagged Sertoli cells will be an ideal resource for analyzing signaling events mediated by folliclestimulating hormone, a classical mitogen and differentiation factor for Sertoli cells [41] [42] [43] [44] [45] . Third, cell-and organellespecific reporter mouse lines will be invaluable to follow the fate of the disrupted Sertoli cells after toxic insults [46] [47] [48] [49] [50] . Fourth, it would be interesting to transplant ''dually tagged'' Sertoli cells into recipient mice with a defective niche and analyze their behaviors [4, 5, [51] [52] [53] [54] [55] [56] . Finally, transplantation of fluorescent protein color-coded Sertoli cells into experimental animal models with neurological defects [57] [58] [59] [60] [61] [62] [63] In the Sox9-EGFP knock-in line of mice, EGFP is localized to Sertoli cell cytoplasm (A). In the Gata4-RG-1 line (B), a dual-reporter cassette is engineered to be expressed from 4.7 kb of the rat Gatat4 promoter region. In testes of these mice, Sertoli cell nuclei are labeled red by expression of mCherry and plasma membranes green by EGFP. In the Pou5f1-HS-CR line (C), germ cell nuclei are labeled blue by expression of Cerulean cyan fluorescent protein and plasma membranes red by mCherry. Nel-Themaat et al. [28] have used either single or combinations of these mouse strains in their elegant studies to analyze Sertoli-germ cell interactions in embryonic testes and cord formation. Cy, cytoplasm; N, nucleus; PM, plasma membrane.
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